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THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
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- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 1 33). 
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earned patent term adjustment. See 37 CFR 1 .704(b). 
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10)D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 
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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 
1. A request for continued examination under 37 CFR 1.114 was filed in this 
application after appeal to the Board of Patent Appeals and Interferences, but prior 
to a decision on the appeal. Since this application is eligible for continued 
examination under 37 CFR 1.114 and the fee set forth in 37 CFR 1.17(e) has been 
timely paid, the appeal has been withdrawn pursuant to 37 CFR 1.114 and 
prosecution in this application has been reopened pursuant to 37 CFR 1.114. 
Applicant's submission filed on 1/28/2005 has been entered. 



Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as 
set forth in section 102 of this title, if the differences between the subject matter sought to be 
patented and the prior art are such that the subject matter as a whole would have been obvious at 
the time the invention was made to a person having ordinary skill in the art to which said subject 
matter pertains. Patentability shall not be negatived by the manner in which the invention was 
made. 

3. This application currently names joint inventors. In considering 
patentability of the claims under 35 U.S.C. 103(a), the examiner presumes that the 
subject matter of the various claims was commonly owned at the time any 
inventions covered therein were made absent any evidence to the contrary. 
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Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor 
and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 
U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 
U.S.C. 103(a). 

4. Claims 54-59 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Dubin et al (US 5,972,192) or Poris (US 5,256,274) in view of the Lowenheim text 
Electroplating and Ameen et al (US 5,685,970). 

5. The Dubin et al patent is directed to a process for electrolytically depositing 
copper on a semiconductor wafer. Dubin et al teach that electroplating comprises 
the electrodeposition of an adherent metallic coating on an electrode employing 
externally supplied electrons to reduce metal ions in the plating solution. A seed 
layer is required to carry electrical current for electroplating (column 4, lines 16-21). 
In carrying out the process of the Dubin et al patent, a seed layer is preliminarily 
deposited (column 7, lines 37-38). The Dubin et al process may be used to plate a 
plurality of wafers at one time, if desired, by immersing the wafers in the plating 
bath simultaneously (column 9, lines 16-21). One or more wafers is immersed in 
the bath. Following immersion, the wafer is biased negatively to make it the 
cathode. The applied current may be direct current for standard cathodic 
deposition, forward pulse current or forward-reverse pulse current where the wafer 
is alternately the cathode and anode. The deposition may be performed in more 
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than one step (column 4, line 62 - column 5, line 7). As explained in the abstract, 
features such as trenches and via holes on the surface of the wafer are filled by the 
deposition of copper. 

6. The Poris et al patent is directed to a process for electrolytically depositing a 
metal onto a semiconductor wafer (abstract). The metal may be copper (column 3, 
line 3). Poris et al explain that deposition of copper occurs by the electrolysis of a 
copper ion-containing aqueous electrolyte. The physical laws governing this 
reaction were explained by Faraday in 1833. By passing an electric charge through 
the two electrodes immersed in the electrolyte, metal is stripped from the anode and 
deposited on the cathode. Positive copper ions are attracted to the negative cathode 
where they combine with electrons yielding neutral copper which is plated onto the 
electrode (column 4, lines 1-20). Prior to electrodeposition a thin diffusion barrier 
layer is deposited. This layer serves two functions. The first is to provide an 
electrically conducting layer to allow uniform metal electrodeposition across the 
entire wafer surface. The second is to prevent any interaction of the 
electrodeposited metal such as copper with the silicon or the dielectric oxide 
(column 6, lines 38-44 and column 11, lines 53-57). Thus, this layer serves as a seed 
layer for electrodeposition. In one embodiment, electrodeposition was carried out at 
a DC cathode current density of 5 mA/cm 2 (column 12, line 24). In choosing the 
anode current density, Poris notes that reference was made to printed circuit board 
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literature (column 8, lines 59-62). In figures 2-8, Poris illustrates that the process 
fills features on the top surface of the semiconductor wafer. 

7. Each of the Dubin et al patent and the Poris patent teaches all of the process 
steps of applicant's claims except for the last step of increasing the current flow to a 
second current density greater than the first current density after a combined 
thickness of the seed and plated layers has reached a predetermined value or after a 
predetermined time. The secondary references show that in processes for 
electrodeposition over a seed layer it is known to begin plating at a low current 
density and to subsequently increase the current density. 

8. The Lowenheim text, Electroplating, includes a chapter directed to Plating on 
Nonconductors. Lowenheim states that "To electroplate on a nonconducting 
medium, it is necessary that the surface of that medium be made conductive in 
some way" (page 417). One method disclosed by Lowenheim it to form an 
electrically conductive seed layer by electroless deposition. Once a nonconducting 
surface such as a plastic has been rendered catalytic, it is ready for the deposition of 
electroless copper or nickel, to be followed by conventional electroplating. 
Lowenheim notes that since only the surface of the nonconductive plastic workpiece 
where the electroless layer has been formed is conductive, and the electroless 
deposit is quite thin, the conductivity of the part is not comparable to that of 
metallic articles where the entire thickness of the article is conductive. Lowenheim 
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teaches that "electroplating must be started at relatively low current densities to 
avoid burning at contact points" (page 423). 

9. In a manner similar to Poris, Lowenheim teaches that electrochemical 
processes follow Faraday's Laws which may be stated as follows: 

1. The amount of chemical change produced by an electric current is 
proportional to the quantity of electricity that passes, and 

2. The amounts of different substances liberated by a given quantity of 
electricity are proportional to their chemical equivalent weights. 

These laws may be expressed in the form of the equation: 

g = Iet / 96,500 

where g - grams of substance reacting, I - current in amperes, e = chemical 
equivalent weight, and t = time in seconds. For an electrodeposition process, the 
grams of substance reacting is the amount metal deposited at the cathode. This 
equation indicates that there is an inverse relationship between the current applied 
in an electrodeposition process and the time it takes to deposit a given amount of 
metal. Lower current leads to longer deposition time, while higher current results 
in shorter deposition times. This fundamental relationship of electrodeposition 
provides motivation for using higher current because it allows the process to be 
completed more quickly, resulting in more efficient and economical operation. See 
pages 12-13. 
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10. The Ameen et al patent is cited to illustrate an application of the procedure 
taught by Lowenheim, and to provide additional motivation for initiating 
electroplating on a seed layer at a low current density followed by higher current 
densities. The patent is directed to a method for metallizing polymeric films by 
electrodeposition. The metallized films may be used in the production of circuit 
boards (column 1, lines 31-36). Ameen et al teach that when the non-metallic, 
electrically insulating substrate is a flexible polymeric sheet, the metal, such as 
copper, may be electrodeposited directly on a flash of metal which has been 
sputtered, vapor deposited, electrolessly deposited, or adhered by similar techniques 
on the sheet (column 1, lines 37-41). Thus, Ameen teaches the preliminary 
deposition of a current-carrying metallic seed layer. Conventional electrodeposition 
methods for copper on polymeric sheets use current densities which result in 
lengthy deposition times (column 2, lines 22-26). Like Lowenheim, Ameen et al 
recognize that the rate of metal deposition is basically dependent on the current 
which can be applied to the metal on the substrate, and that the current is limited 
by the thickness as well as the current-carrying characteristics of the metal on the 
substrate (column 2, lines 34-40). Ameen et al teach that the problem of long 
deposition time can be overcome by a method in which the current applied to the 
substrate is increased as the deposition process is carried out. In the invention of 
Ameen et al, the anode electrodes opposed to the cathodic polymeric sheet to be 
plated are energized in groups. As metal is deposited onto the initial flash of metal 
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on the substrate by the initial groups of anodes, the increased current carrying 
capacity of the thicker metal is utilized to allow subsequent groups of anodes to 
have higher energization levels. The ever increasing thickness of the metal on the 
substrate and its increasing current-carrying capacity, is used to increase the 
electrodeposition rate of metal by continually increasing the current based on the 
current carrying capacity of the deposited metal (column 10, lines 39 - column 11, 
line 3). More specifically, the first group of anodes is energized at a level which the 
flash metal seed layer on the substrate can handle. The first group of anodes 
deposits metal from the electrolytic solution onto the flash metal, thereby building 
up the thickness of the metal on the substrate. Eventually, each group of anodes 
can be energized at its desired operating level (column 11, lines 4-42). It is noted 
that the Ameen et al patent pertains to fabrication of circuit boards and, as stated 
above, that Poris mentions referring to printed circuit board literature with respect 
to choosing optimum anode current density. Thus, there is a recognition by Poris 
that prior art relating to the production of printed circuit boards is relevant to 
processes of metallizing semiconductor wafers. 

11. The prior art of record is indicative of the level of skill of one of ordinary skill 
in the art. It would have been obvious at the time the invention was made to have 
begun the electrodeposition step of Dubin et al or Poris at a low current density and 
to have increased the current density after a period of time in which the thickness 
and current-carrying capacity of the plated layer had grown as taught by 
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Lowenheim and Ameen et al because burning of the initially deposited seed layer 
would have been avoided by using the lower current density, and the rate of 
deposition would have been increased by using higher current densities, thereby 
shortening the time needed to deposit the desired thickness of copper and 
performing the deposition process more efficiently. 

12. Claims 54-59 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Dubin et al (US 5,972,192) or Poris (US 5,256,274) in view of the Lowenheim text 
Electroplating and Ohmura et al (4,401,521). 

13. Dubin et al, Poris and the Lowenheim text are interpreted and applied as 
above. The Ohmura et al patent (4,401,521), like the Ameen et al patent, illustrates 
an application of the procedure taught by Lowenheim and provides additional 
motivation for initiating electroplating on a seed layer at a low current density 
followed by higher current densities. The patent is directed to the formation of a 
conductor structure by electroplating metal into openings formed in a 
nonconductive resist on a thin metal film. Ohmura et al recognize that uniformity 
of the deposit may present a problem. They state that "when the thin film 
conductor pattern is directly electroplated, the thickness of the plated layer is not 
uniform if the length of the fine-patterned conductor structure exceeds that 
correspond to a resistance of 5 ohms." (column 1, lines 44-48). Additional problems 
include protrusions formed at a side of the conductor line and poor adhesive of the 
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plated layer to the substrate (column 3, lines 39-51). To overcome these problems, 
Ohmura et al teach plating at a low current density in an initial stage of 
electroplating and then raising the current density (column 3, lines 52-56). Initial 
electroplating current density may be 0.05-2 A/dm 2 (0.5-20 mA/cm 2 using the 
conversion factors 1 dm 2 = 100 cm 2 and 1A = 1000mA). See column 3, lines 64-66. 
Subsequently current density may be in the broad range of 3-50 A/dm 2 (30- 
500mA/cm 2 ). See column 3, lines 11-19. The film thickness developed in the first 
electroplating stage may be 0.3-10 (im (column 3, lines 66-67). Example 1 
illustrates the deposition of copper in which current density is stepped from an 
initial low value to a higher value. 

14. It would have been obvious at the time the invention was made to have begun 
the electrodeposition step of Dubin et al or Poris at a low current density and to 
have increased the current density after a period of time in which the thickness and 
current-carrying capacity of the plated layer had grown as taught by Lowenheim 
and Ohmura et al because burning of the initially deposited seed layer would have 
been avoided by using the lower current density, and the rate of deposition would 
have been increased by using higher current densities, thereby shortening the time 
needed to deposit the desired thickness of copper and performing the deposition 
process more efficiently. 



Application/Control Number: 09/880,715 



Page 11 



Art Unit: 1742 

15. It is noted that in the paper filed on October 6, 2003, applicant lists claims 
32-53 as "previously presented". Claims 32-53 were canceled by applicant in the 
amendment filed on February 10, 2003. Thus, the correct designation for claims 32- 
53 should be "cancelled". 

Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to William T. Leader whose telephone number is 
571-272-1245. The examiner can normally be reached on Mondays-Thursdays and 
alternate Fridays, 7:30-4:00. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Roy Bang, can be reached on 571-272-1244. The fax phone 
number for the organization where this application or proceeding is assigned is 703- 



Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR 
only. For more information about the PAIR system, see http://pair-direct.uspto.gov. 
Should you have questions on access to the Private PAIR system, contact the 
Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



872-9306. 




William Leader 
March 10, 2005 



ROY KING 
SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 1700 



